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The list of symbols. U(O) the potential energy of a particle on a sphere which models polar groups in polytetrafluoretilen.
0
: the polar angle of the particle with respect to the « easy polarization » axis z.
(P : the azimuth angle of the particle under consideration. [3, 4] . In all cases the maxima of the curve tg 8 ( T) (tg 8 = e" 1 e') diminished and shifted to the higher temperatures with the increase of the magnetic field induction B. An analysis of experimental data showed the activation temperature dependence of the relaxation rate r with the pre-exponential factor which diminishes with B depending on mutual orientation of the vectors B and E( t ). As an example, In the next section of the paper we will write down and solve the Fokker-Planck equation describing the diffusion of charged particles through a potential barrier in a magnetic field for the model mentioned above and calculate the corresponding relaxation rate. To describe the dielectric losses observed in bulk materials it is necessary to carry out the averaging over the orientations of the principal axes of polar impurities. This is done in the final section of the article.
2. Thermoactivation rate for the Debye-Kramers model in a magnetic field.
Let us consider a relaxator as a particle with mass m and charge q moving on a sphere of radius r. The equation of motion of such a particle interacting with the bath reads where U is an angular dependent potential energy, N is a reaction force confining the particle to the sphere, y is a friction coefficient and C(t) is the Langevin force: ( , i (t) 'j (t') = 2 y m TS i &#x26; (t -t '). After projecting out the normal component of (2.1) For simplicity we will restrict ourselves to the symmetric potential energy dependent on the polar angle 0 and parabolic near the top of the barrier and the bottoms :
I.e., for U = -K cos2 B one has Uo = ko = k = K.
In the low-temperature region T « Uo the quasiequilibrium solution of (2 .2) In order to calculate the dielectric losses in non-structured bulk materials (i.e., polymers) one has to carry out the averaging over the orientations of the « easy-polarization » axis z. As the dielectric susceptibility in the direction perpendicular to the axis z is negligibly small, the susceptibility of the sample may be written in the form where O is the body angle circumscribed by the axis z, 0E is the angle between the axis z and the electric field E(t), X o is the static susceptibility of the sample. For the calculation of (3.1) it is convenient to choose the « laboratory » coordinate system XYZ with the axis Z along the vector B and the axis Y along [EB] . In this coordinate system cos 0 E = cos «/J cos B + sin «/J sin /3 cos 'P z where B is the angle between the vectors B and E and çoz is the azimuth angle of the « easy axis ». Now after the integration over 'Pz the expression (3.1) reads where x = cos «fi. As it may be seen from (2.15) and (3.2) , with the increasing of a magnetic field the initial Debye curve of dielectric losses tg 5 '" X" = Xo r w / ( r 2 + w 2) is shifted to lower frequencies or higher temperatures and smeared becoming a superposition of Debye curves with a wide distribution of relaxation rates. The latter leads to the diminishing of (tg 5 )max with a magnetic field which was observed experimentally [3, 4] . The dependence of dielectric losses on the mutual orientation of the vectors B and E(t) is also contained in formula (3.2) . One may check with the use of (2.23) that, in the lowest order in B2, the curve tg 5 remains undeformed and the effect of a magnetic field is to renormalize the relaxation rate :
Similarly to experimental observations [4] , the effect is about two times larger for the perpendicular orientation of the vectors B and E than for the parallel one.
For the large values of a magnetic field (wc &#x3E; max (y, f2 » one has to carry out the numerical calculation of the integral (3.2) where the quantity r(x) is itself in the general case y -f2 the result of the numerical integration (see (2.15) (3.3) and the experimental observations [4] . It is seen from (3.6) that, in the small-damping limit y « il, the averaging over the orientations of the principal axes of polar impurities smears the logarithmic singularity of the derivative aT /aB manifested in (2.22) at k = 1. Nevertheless, the vestiges of the singularity at the critical value of a magnetic field (see also (2.18)) are clearly discernable in figure 3 where the analytical dependences (3.5) and (3.6) are represented. One can see that the magnetic field dependence of the relaxation rate of polar impurities in the strong damping ( y &#x3E; il) and in the weak damping ( y « f2) cases are substantially different which may be used for the identification of the regime realized in the experiment. Finally, we have calculated numerically the imaginary part of the dielectric susceptibility (3.2) in the limiting cases considered above as a function of temperature for the zero-field parameters taken from the experiment [4] (see the Introduction). The results represented in figure 4 show that the theoretical model developed in the present paper reproduces the main qualitative features of the influence of a magnetic field on the dielectric losses. However, some discrepancies (i.e. on the high-temperature wing of the relaxation curve) between the theory and the experimental data (see Fig. 1 ) are observed. This is not surprising because the simplest of theoretical models was adopted. In particular, we have neglected the possible dependence of the potential energy U(O, cp) on the azimuth angle cp, the effect of the orientation of molecular chain fragments in a magnetic field, the temperature dependence of the phenomenological friction coefficient y, etc. The clarification of these factors require more extensive and purposeful experimental investigations which are in progress.
One dimensional case, because the particle which overcomes the saddle point with small kinetic energy can come back only if a potential energy profile has some special form (for example, allowing splitting of variables). One may say that a multi-dimensional potential well is in some sense similar to the cavity which is used for modelling the absolutely black body.
